Abstract. Proteomic approaches aid in gaining a better understanding of the pathophysiology of diabetic complications. In view of this, differential protein expression in diabetic plasma samples was studied by a combination of proteomic and western blot analyses. Diabetic plasma samples were categorized based on glycated haemoglobin levels as controlled diabetes (CD; 7-8%), poorly controlled diabetes (PCD; >8%) and non-diabetic control (ND;<6.4%). Two-dimensional electrophoresis and liquid chromatography-mass spectrometry revealed differential expression of proteins including upregulation of fibrinogen and haptoglobin and downregulation of vitamin D binding protein, α-1-antitrypsin, transthyretin and apolipoprotein A1 (Apo A1) in diabetic compared with nondiabetic plasma samples. Amongst these proteins, Apo A1 downregulation was prominent in PCD. Downregulation of Apo A1 may serve as an early predictive marker of diabetic complications.
Introduction
Human plasma proteome analysis has the potential to ease disease diagnosis and therapeutic monitoring (1, 2) . Plasma protein biomarkers are useful for the diagnosis and prognosis of numerous diseases, including diabetes. Inability to utilize blood glucose is a hallmark of diabetes and leads to the development of numerous complications, including neuropathy, retinopathy, nephropathy and atherosclerosis (3) . Development of these complications is 2.5 times higher in patients with long-term poorly controlled glycaemic levels than controlled levels (4) . Furthermore, on the basis of glycated haemoglobin (HbA1c) levels diabetic subjects are categorized as having controlled diabetes (CD) and poorly controlled diabetes (PCD) with HbA1c levels ≤8% and >8%, respectively, of total haemoglobin (5) . To understand the molecular mechanisms of pathophysiology of diabetic complications, numerous studies have utilized proteomic approaches, which have been reviewed in great detail (6) . Pathology of diabetic complications is associated with increased generation of reactive oxygen species (ROS) resulting in oxidative, glycooxidative and carbonyl stress (7) . Following engagement with receptor for AGE (RAGE), advanced glycation endproducts (AGEs) induce the generation of ROS and activation of the transcription factor NF-κB, causing changes in gene expression (8) . AGEs are also known to affect the activity of several plasma proteins. For example, ~50% aspartate aminotransferase enzyme activity is inactivated as a result of glycation (9) . Similarly, impaired activity of glycated α-1-antitrypsin was observed in diabetes, thereby leading to protease-antiprotease imbalance (10) . Glycated transferrin demonstrated the deterioration of antioxidant capacity in diabetic patients (11) . Additionally, glyco-oxidative modification leads to protein aggregation resulting in protein instability. To prevent serious metabolic disturbances caused by the accumulation of glyco-oxidatively modified proteins, these proteins are further degraded by the proteasomal system (12) . Glyco-oxidative modification of protein results in the elicitation of autoantibodies against several diabetic plasma proteins. These proteins include albumin, insulin, carbonic anhydrase and heat shock proteins, thereby resulting in their decreased levels in diabetic plasma (13) . However, any variation in insulin levels affects the insulin-regulated protein synthesis of several proteins. For example, decreased insulin synthesis and resistance in diabetes affects the gene expression of albumin and fibrinogen (14, 15 stand the pathophysiology associated with the development of diabetic complications. In the present study, we analyzed differential protein expression in the plasma of CD and PCD subjects using proteomic methods and validating the results by western and dot blot analysis. Analysis of PCD subjects has not previously been performed.
Materials and methods
Chemicals. Chemicals were obtained from Sigma-Aldrich (St. Louis, MO, USA) unless otherwise stated. Antibody against Apo A1 was purchased from Abcam, Cambridge, UK.
Clinical plasma sample collection. Blood samples were collected from diabetic patients at the Maharashtra Medical Research Society. Informed consent was obtained from all patients and the study was approved by the Joshi Hospital Ethics Committee. Fasting blood glucose and HbA1c levels were determined by using a glucometer (Bayer AG, Leverkusen, Germany) and in2it analyzer (Bio-Rad, Hercules, CA, USA), respectively. Plasma was obtained by EDTA treatment, followed by centrifugation at 1500 x g for 15 min. The supernatant was stored at -80˚C until further use.
Plasma sample preparation. Based on HbA1c levels, plasma samples were grouped into ND (<6.4%), CD (7-8%) and PCD (8.8-12.3%). Ten representative samples from each group were pooled and were used for proteomic analysis. Albumin and IgGs were depleted by using a PROTBA kit (SigmaAldrich) according to the manufacturer's instructions. Protein concentration was determined by using a Quick Start Bradford protein assay kit (Bio-Rad).
Two dimensional gel electrophoresis (2DE), image and western blot analysis.
A depleted plasma protein sample (100 µg) was solubilized in 125 µl rehydration buffer containing 8 M urea, 2 M thiourea, 4% CHAPS, 70 mM DTT, 0.1% C7BzO and 1 µl ampholytes (pH 3-10). The solubilized sample was loaded onto 7-cm non-linear IPG strips (pH 4-7) and rehydrated overnight. Isoelectric focusing was performed by using the Protean IEF Cell (Bio-Rad) followed by SDS-PAGE separation. Resolved proteins on 12.5% gel were visualized by CBB-R250 staining or by western blot analysis (using anti-Apo A1 polyclonal antibody). Stained gel images were captured using the GS 800 calibrated densitometer (Bio-Rad). Image analysis was performed using PDQUEST advanced software (Bio-Rad).
Trypsin digestion. CBB-stained protein spots were excised and destained by washing with 50% acetonitrile (ACN)/50 mM ammonium bicarbonate. Proteins were reduced and alkylated by 10 mM DTT and 55 mM iodoacetamide, respectively, followed by overnight digestion with trypsin at 37˚C. Digested peptides were extracted with 5% formic acid in 50% ACN and were reconstituted in 5 µl 0.1% formic acid in 3% ACN.
Liquid chromatography-mass spectrometry (LC-MS E ) analysis and protein identification. LC-MS
E analysis was performed with 2 µl peptide digest (100 ng/µl concentration) by using nanoACQUITY UPLC online coupled to SYNAPT HDMS system (Waters Corp., Milford, PA, USA) equipped with a nanolockspray ion source with a flow rate of 300 nl/min (external lockmass standard: Glu-fibrinopeptide) as described by Cheng et al (20) . Following MS E analysis, data were analyzed with Protein Lynx Global Server software (PLGS, version 2.4, Waters Corp.). Protein identification of processed samples was performed by database search against a human subset of UniProt containing 44,987 protein entries.
Dot blot analysis.
Ten plasma samples from each ND, CD and PCD patient were diluted with PBS in 1:1,000 dilutions. The diluted sample (2 µl) was spotted onto nitrocellulose membranes. The membrane was air dried and blocked for 2 h with 5% skimmed milk in TBS at 37˚C. The membrane was then incubated with anti-Apo A1 antibody (1:7,000) for 1 h, washed twice with TBS-T (0.05% Tween-20) and then incubated with biotinylated secondary antibody for 30 min. Immunodetection was performed by incubating membranes with streptavidin-conjugated horseradish peroxidase and Sigmafast DAB substrate.
Statistical analysis. Experiments were performed in triplicate.
Statistical analysis was performed by the Student's t-test. Data were expressed as the mean ± SD. P<0.05 was considered to indicate a statistically significant difference.
Results
Differential plasma protein expression was studied in CD and PCD clinical plasma samples following analysis of fasting , liquid chromatography-mass spectrometry; ND, non-diabetic; CD, controlled diabetic; PCD, poorly controlled diabetic; HDL, high density lipoprotein; HbAlc, glycated haemoglobin. plasma glucose, HbA1c levels, serum creatinine, high density lipoproteins (HDL), triglycerides and cholesterol levels (Table I) . Differentially expressed proteins were identified by 2DE and LC-MS E and are listed in Table II . Densitometric analysis of 2DE gels revealed upregulation of fibrinogen and haptoglobin and downregulation of vitamin D binding protein, α-1-antitrypsin, transthyretin and Apo A1 in CD and PCD compared with ND samples (Fig. 1) . However, no significant difference in differentially expressed proteins was detected between CD and PCD plasma with the exception of Apo A1, whose downregulation was more prominent in PCD. The observed downregulation of Apo A1 was validated by western blot analysis (Fig. 1) and dot-blot analysis of each clinical plasma sample from ND, CD and PCD (Fig. 2) . Apo A1 downregulation in PCD was considered statistically significant (P<0.05).
Discussion
Diabetic plasma proteomic studies are important for understanding the molecular mechanisms which lead to complications. Numerous studies have been performed comparing ND and CD plasma samples (6) . However, the pathophysiology of diabetic complications is demonstrated more clearly in PCD than CD. The present study was performed to identify differentially expressed proteins in PCD. Although fibrinogen, haptoglobin, VDBP, α-1-antitrypsin and transthyretin were found to be differentially expressed in patients with diabetes, their levels were not significantly different between CD and PCD. However, significant downregulation of Apo A1 was detected in PCD. Downregulation of Apo A1 is associated with the development of diabetic vascular complications mediated by the reverse cholesterol transport system (21) . Decreased levels of Apo A1 in PCD may be attributed to numerous reasons, including autoantibodies against Apo A1 (22, 23) , elevated levels of inflammatory molecules (24) and insulin resistance (25) . The Apo B100/Apo A1 ratio predicts cardiovascular risk more accurately than the lipids, lipoproteins and lipid ratios (26) and the ratio increases in PCD compared with CD plasma (27) . Furthermore, a negative correlation was observed between serum creatinine levels and Apo A1, which supports the incidence of chronic kidney disease with lower plasma HDL-cholesterol levels (28) . Therefore, lower levels of Apo A1 in PCD may be associated with increased risk of cardiovascular and kidney disorders. Thus, downregulation of Apo A1 may serve as an early predictive marker for diabetic complications.
